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Progressive corrosion of reinforced concrete structures and of steel structures in marine environment has important economical consequences. The quantitative forecasting of corrosion development remains difficult, which limits the development of validated preventive maintenance strategies. Difficulties come from the spatial variability of material properties, the temporal variability of environment, the sensitivity of non destructive measurements to changing environmental conditions. The reinforced concrete Barra Bridge, Portugal, has been thoroughly investigated, many non destructive and semi destructive tests having been performed on several piers, including reinforcement cover, potential and corrosion rate measurements. These data are used as input data for modelling the development of corrosion and its variability. A laboratory program in which the current of corrosion has been monitored under varying temperature and humidity has given a series of results which have been analyzed. A model derived from the analysis of these results enables to account for the influence of these parameters and to help the decision process regarding the corrosion state and the forecasting of its evolution.

Extended abstract

Corrosion of reinforced concrete infrastructures in marine environment, due to chloride ingress, has practical consequences on the condition and safety level of infrastructures. To reduce the cost of maintenance and repair while keeping these infrastructures at a correct level of safety, managers can use non destructive techniques to assess the condition state. The non destructive assessment of corrosion is usually done by combining three techniques: half cell potential measurements, measurement of the concrete resistivity, polarization resistance.

It is well known that all these techniques must be used by qualified and experienced operators, and that they are more providing qualitative data (or relative variations) than quantitative ones. The main reason is that NDT only provide information at the time of the measurement, and that this information is very sensitive to environmental conditions. The corrosion development is itself very dependent on moisture content and temperature, which are responsible for the electrolyte continuity (pore connectivity) and for the oxygen availability at the steel surface. Moisture influences the electrical resistivity, which is the most comprehensive parameter determining the corrosion current. Since moisture and temperature vary with time, and may also vary from place to place in the concrete, an assessment of concrete which should be independent of these variations becomes difficult. Since many influent factors can explain any observed variability of the measurements, it is important to quantify these potential effects, such as to sort out any "real signal", i.e. real variation with time or space, of the effective corrosion degree.

An extensive investigation program has been undertaken on the Barra bridge, with the aim of quantifying the spatial and temporal variability of measurements which are necessary for feeding durability models, i.e. electrochemical measurement results, diffusion coefficients and cover depth. The inspection included visual observation of the structure, the selection of different areas to be studied (differing in elevation, part of pier and side), concrete cover over the reinforcements in the selected areas, half cell potential and corrosion rate measurements and the extraction of cores for laboratory tests, mainly for chlorides profiles and chloride diffusion coefficient but also for concrete compressive resistance and for microstructural characterisation.

The detailed results of each area, regarding the cover of each rebar, the potential values and where the corrosion rate measurements were collected. For instance, regarding the 13MD area (whose extension is about 1 m 2 ), the investigation performed on 15 May 2006 has provided:

--a corrosion current density i corr in the 0.085-0.359 µA/cm 2 interval, --a half cell potential (measured with Cu/CuSO 4 reference electrode) varying from -72.7 mV to 30.4 mV, --a cover depth between 29 and 35 mm (horizontal rebars) and 38-40 mm (vertical rebars), --a carbonation depth (from cores) between 10 and 14 mm.

A second series of investigations has been undertaken two months later, to check the stability of the non destructive results along time, and to gather additional information. The variability has been quantified, as well as the consistency between the two data sets.

For instance, the average value of i corr has been multiplied by about 2 between May and July (multiplying factor = 1.86 calculated on 11 measurements on Pier 13).

More detailed measurements of cover depth have been performed during the second series of investigation, to quantify the longitudinal variation of cover depth along a given rebar. For instance, one has measured between 30 and 35 mm when the cover depth had previously been estimated as being 34 mm. The coefficient of variation along a rebar is between 3 and 10 %. All data regarding cover have been synthetized, such has to quantify the variability at various scales. A significative difference has been noted between horizontal and vertical rebars (due to design reasons), with an average cover depth which is 7 to 8 mm larger for vertical rebars. For all cover depth values for a given 1m 2 area, combining vertical and horizontal rebars, the coefficient of variation ranges between 20 and 30 % around the average value. It is much larger than that of an individual rebar. When a whole pier is considered, the coefficient of variation is about 30 %.

An experimental program has been designed such as to quantify the influence of temperature, humidity, concrete mix and cover some on the corrosion development and on the current of corrosion in well controlled conditions. All specimens have been submitted during ten months to varying conditions regarding relative air humidity (20% < RH < 100 %) and temperature (2°C < T < 50°C). Regular measurements of polarization resista nce have been performed, from which corrosion current density has been deduced. An empirical model has been built using multilinear regression which explains the i corr dependency on the varying influent parameters. The resulting model writes:

i corr = A e -0,0444 RH e 3346/T e 0,3928 d e -2,506 w/c (1

)
where RH is the air relative humidity (in %), T is the air temperature (in K), d is the cover depth (in cm), w/c is the water to cement ratio, A is a constant (in µA/cm 2 ). This empirical model quantifies the combined influence of the four parameters (RH, T, d, w/c) on the measured value of the corrosion current density. The unexplained variance of the model which accounts for the combined influence of these four parameters is only 36% of the total experimental variance, giving an idea of the "quality" of this model. The model developed cannot be seen as universal and further studies must be undertaken such as to build robust models, which can be used for correcting efficiently the series of rough measurements obtained on corroded structures. It will also help the users in understanding the reasons for variations and, prevent them for deducing that observed variations are always a consequence of a real varying activity of corrosion.

Introduction: interest and difficulties with corrosion assessment in RC

Usual means for assessing corrosion

Corrosion of reinforced concrete infrastructures in marine environment, due to chloride ingress, has practical consequences on the condition and safety level of infrastructures. To reduce the cost of maintenance and repair while keeping these infrastructures at a correct level of safety, managers can use non destructive techniques to assess the condition state. When relevant models are used, life cycle cost analysis becomes possible and the maintenance of structures can be optimized [START_REF] Stewart | Life-cycle cost analysis considering spatial and temporal variability of corrosion-induced damage and repair to concrete surface[END_REF][START_REF] Li | Effect of spatial variability on maintenance and repair decisions for concrete structures[END_REF]. The non destructive assessment of corrosion is usually done by combining three techniques (NEA, 2002):

-half cell potential measurements, which provide an indication of likelihood of corrosion activity at time of testing, through a value of potential (ASTM standard puts in relation the value measured and a probability of corrosion), -measurement of the concrete resistivity, which informs about the moisture content in the concrete.

-these two first measurements give no information about the corrosion rate, which can be estimated by measuring the polarization resistance, which gives an indication of corrosion rate of the reinforcement at time of testing.

A value of the corrosion current density i corr is derived, whose magnitude is put in relation with the corrosion rate (e.g. the corrosion is said to be negligible if it is lower than 0.1 µA/cm 2 and high if it is larger than 1 µA/cm 2 ). The problem is however more difficult when come the stage of interpretation. Standards only provide some information on thresholds which have to be considered as "relative thresholds" and always need a lot of care.

Uncertainties, variability and assessment

It is well known that all these techniques must be used by qualified and experienced operators, and that they are more providing qualitative data (or relative variations) than quantitative ones. The main reason is that NDT only provide information at the time of the measurement, and that this information is very sensitive to environmental conditions [START_REF] Jäggi | Macrocell corrosion of steel in concrete -experiments and numerical modeling[END_REF][START_REF] Isgor | Modelling steel corrosion in concrete structures[END_REF], as it can be seen on figures 1 and 2. [START_REF] Klinghöfer | Rebar corrosion rate measurements fir service life estimates[END_REF].

Figure 1. Temporal variability of the current of corrosion and its relation with humidity (after

Figure 2. Temporal variability of the corrosion potential -influence of temperature (after Samco, 2006)

Continuous monitoring combined with NDT on Skovdiget bridge, near Kopenhagen has shown that, due to temperature effects, NDT inspections during the automns tend to provide a conservative measurements of the corrosion potential (and thus corrosion risk). The corrosion development is itself very dependent on moisture content and temperature, which are responsible for the electrolyte continuity (pore connectivity) and for the oxygen availability at the steel surface.

Moisture influences the electrical resistivity, which is the most comprehensive parameter determining the corrosion current. Since moisture and temperature vary with time, and may also vary from place to place in the concrete, an assessment of concrete which should be independent of these variations becomes difficult.

Since many influent factors can explain any observed variability of the measurements, it is important to quantify these potential effects, such as to sort out any "real signal", i.e. real variation with time or space, of the effective corrosion degree [START_REF] Breysse | Influence of spatial and temporal variability of the material properties on the assessment of a RC corroded bridge in marine environment[END_REF].

Collective efforts have been undertaken in the recent years to gather data about time and space variaibility in relation with service life prediction and structural reliability [START_REF] Duracrete | Statistic quantification of the variables in the Limit State Function[END_REF]. This work is based on data obtained on the Barra Bridge, Portugal, reinforced concrete structure. This bridge, located near the Atlantic Ocean, has been thoroughly investigated, for a better assessment of its corrosion state. Many non destructive and semi destructive tests have been performed on several piers, regarding reinforcement cover, half cell potential and corrosion rate measurements, concrete resistivity, chloride profiles, carbonation depth and concrete chloride diffusion coefficients. This measured on-site variability can be due either to material and exposure conditions variability or to uncertainty in the measurement process (e.g. lack of repeatability or influence of environmental conditions at the time of measurement). These two types of uncertainties have different consequences. The first one is representative of the structure and of its condition. The spatial variability of the material properties results from the construction process and concrete placing. It must be accounted for in a probabilistic approach, the residual service life becoming a probabilistic variable, whose value is distributed in the structure [START_REF] Stewart | Risk based approaches to the assessment of ageing bridges[END_REF][START_REF] Li | Effect of spatial variability on maintenance and repair decisions for concrete structures[END_REF]. The second type of uncertainties can be reduced with a more cautious approach and with the modelling of environmental effects on the measurements. Data obtained at the laboratory, multiplying for instance electrochemical measurements when varying ambient conditions, can be processed and used for this purpose. In fact, the vast majorities of probabilistic studies whose purpose is to analyze the consequence of material variability on the structure reliability do not make the part between the two components of variability: the real one, due to the material, and the superimposed one, which only comes from imperfect knowledge one has of the structure after measurement. It seems important to make the part between these two sources of variaibility.

It is also possible, in the well-known conditions of the laboratory, to analyze the effects of the most influent factors on the development and monitoring of corrosion. Thus the laboratory measurements can be used to quantify the weight of the spatial and temporal variability of the main influent factors on the assessment of corrosion. This enables to quantify the resulting uncertainties for the on-site corrosion assessment.

Analysis of variability from on site investigations

Barra Bridge characteristics and investigation program

The Barra Bridge was designed by the portuguese bridge designer Pr. Edgar Cardoso, 1971, and started operation in 1975. The bridge is located on km 0+824 of E.N.109-7 over Ria de Aveiro. It is totally made of reinforced concrete and has a 578 meters length, between the support axes on the abutments. The central span has 80 m and the access viaducts, symmetric as refers to the central span, have 249 m, each being formed by an extreme span of 25 m and seven spans of 32 m (Figure 3).

The deck of the viaducts consists of a 16.60 m wide T-beam slab with 4 longitudinal beams with constant thickness b = 0.40 m. The beams, of variable height, between 1.30 meter at middle span and 2 meters on the supports, are longitudinally pre-stressed. The slab has a variable thickness between 0.18 m and 0.25 m and is cross-sectionnally pre-stressed.

In a first inspection made in the Barra Bridge (in May 2006), two piers and one of the abutments were inspected. The piers were the P13 and P15, that are in land, and the abutment was the E2.

Figure. 3. Barra Bridge

The inspected areas are denominated as "upstream" and "downstream" depending in what part of the double piers they are on and in "left" and "right" side considering the side of that pier they are on, which can be seen in the Figure 2. The inspected zones are on the right part of the bridge, the farthest part from the sea, since the sea is about 300 to 500 meters from the left end of the bridge. So when is said that an area is on the left side of a pier, this is the face that is turned to the sea and more exposed to the sea winds containing chlorides.

The inspection included visual observation of the structure, the selection of different areas to be studied (differing in elevation, part of pier and side), concrete cover over the reinforcements in the selected areas, half cell potential and corrosion rate measurements and the extraction of cores for laboratory tests, mainly for chlorides profiles and chloride diffusion coefficient but also for concrete compressive resistance and for microstructural characterisation.

In pier 13, six areas were analysed, three in the left side of the pier and three in the right side (Figure 4). In five of that areas were determined the concrete covers, the potential and the corrosion rate and cores were taken, while in the last one it were only taken cores.

These areas are denominated as follows:

-13JE (2,5m) -downstream, left side at about 2,5m above ground level -13JE (10m) -downstream, left side, above 10m -T13E -transverse beam, left side -13MD (2,5m) -upstream, right side at about 2,5m -13MD (10m) -upstream, right side, above 10m -T13D -transverse beam, right side The 13MD area, which can be regarded as a "homogeneous" area regarding the corrosion degree (at least from visual inspection) exhibits some spatial variation of its characteristics. It is thus interesting to analyze the reasons of this variability and to understand if it requires a statistical analysis or if representative values (either mean values or conservative estimates) are enough.

Temporal variability and consistency

A second series of investigations has been undertaken two months later (on 27 july 2006), to check the stability of the non destructive results along time, and to gather additional information.

The two series of measurements have been performed in different atmospheric conditions (these information were not recorded at the time and place of the measurements):

-on 15 may 2006, the temperature was average (about 20°C) and the weather was rather dry (RH about 80 %), -on 27 july 2006, the temperature was larger (about 25 °C) but the weather was wet (RH about 90 %).

Regarding the 13MD area, the results were: --a corrosion current density i corr in the 0.363-0.783 µA/cm 2 interval, --a potential (measured with Cu/CuSO 4 reference electrode) varying from -47.5 mV to -17.3 mV.

This shows that the non destructive results (corrosion current density or potential) cannot be simply viewed as reference values, which can be compared to normalized threshold, and that a correct assessment of the structural condition requires a careful attention. It is well known that the environmental context (mainly temperature and humidity) can influence the electrical response of the structure.

However, the repeatability of the NDT measurements can be checked by comparing the two series of measurements (Figure 5). On these two areas, 13JE and 13MD, (but the same conclusions can be drawn for others areas), the overall consistency between the two series of measurements is good, even if one has some scatter. The "local noise" which corresponds to the scatter is about +/-15 mV.

Figure 5. Repeatability of potential measurements (in mV) for two areas (13 JE -left, 13 MD right).

Regarding the measured values for the corrosion current density, they are very different for the two series of measurements, as given in Table 1. 

Cover depth variability

-More detailed measurements of cover depth have been performed during the second series of investigation, to quantify the longitudinal variation of cover depth along a given rebar. For instance, one has measured between 30 and 35 mm when the cover depth had previously been estimated as being 34 mm. The coefficient of variation along a rebar is between 3 and 10 %. All data regarding cover have been synthetized, such has to quantify the variability at various scales. A significative difference has been noted between horizontal and vertical rebars (due to design reasons), with an average cover depth which is 7 to 8 mm larger for vertical rebars. A significative difference has also been noted between Pier 13 and Pier 15, which can only been explained by uncertainties in the rebar positioning (Table 2). No difference was noted regarding the "upstream" or "downstream" position, or the "left" or "right" position. For all cover depth values for a given 1m 2 area, combining vertical and horizontal rebars, the coefficient of variation ranges between 20 and 30 % around the average value. It is much larger than that of an individual rebar. When a whole pier is considered, the coefficient of variation is about 30 %.

Laboratory experimental program

Analysis of influent factors

Moisture content in the concrete and humidity are the most influent factors on the corrosion development, but also on the electrochemical properties assessed via non destructive techniques.

It is also well known (Andrade and[START_REF] Gonzalez | Some questions on the corrosion of steel in concrete -Part I:when,how and how much steel corrodes[END_REF] that other influent factors are the quality of concrete, the chloride content, the oxygen content. Since the measurements are also performed through the cover concrete, the cover depth also appears as a potential influent parameter. Thus an experimental program has been designed such as to quantify the influence of some of these parameters on the corrosion development and on the current of corrosion.

Specimens have been casted with two w/c ratio (0.45 and 0.65) and two cover depths (1 cm and 3 cm). Two prisms with 20x20x25 cm 3 were prepared for each concrete type and cover depth. In the mix were also added chlorides to ensure that the corrosion was initiated (3% total chlorides related to cement content).

All specimens have been submitted during ten months to varying conditions regarding relative air humidity (20% < RH < 100 %) and temperature (2°C < T < 50°C). Regular measurements of polarization resistance have been performed, from which corrosion current density has been deduced. An example of measurements results is given on Figure 6 for two specimens (w/c = 0.65, cover = 1 cm).

Modelling of corrosion current density

Statistical analysis has been performed on the whole series of measurements, such as to identify the most influent factors and to provide, via multilinear regression analysis, a quantitative model for i corr. Due to the fact that the i corr values can vary in a large range, ln(i corr ) values have been considered in the model. As it was expected from previous studies, moisture is the most influent parameter. Figure 7 shows how it is positively correlated with ln(i corr. ), the diagram excluding RH = 100 % values, since this value involves different physical phenomena limiting the corrosion rate.

Figure 7. Correlation between RH (in %, x-axis) and ln(i corr. ) (y-axis)

Accounting the linear influence of RH for explaining ln(i corr ) variability reduces by a factor 2 the total experimental variance. The other parameters bring less information but the effect of temperature, cover depth and water to cement ratio are significant. Each of them leads to an additional reduction of variance of about 10%. Two other parameters (total time since the beginning of experiment, and time elapsed since the beginning of the new level of (RH, T)) are not statistically significant).

The multilinear regression analysis leads to ln i corr = 0,0444RH -3346/T + 2,506w/c -0,3928d + constant (1)

Thus the resulting model writes: (2) where -RH is the air relative humidity (in %), -T is the air temperature (in K), -d is the cover depth (in cm), -w/c is the water to cement ratio, -A is a constant (in µA/cm 2 )

y = 0,0497x -1,1829 R 2 = 0,5302 -3,0 -2,0 -1,0 0,0 1,0 2,0 3 
This empirical model quantifies the combined influence of the four parameters (RH, T, d, w/c) on the measured value of the corrosion current density. The unexplained variance of the model which accounts for the combined influence of these four parameters is only 36% of the total experimental variance, giving an idea of the "quality" of this model. It must be added that the model can only be used for RH < 100 %, since when the concrete is saturated the involved mechanisms are different.

It thus makes possible the correction of the measurements to cancel the effects of these parameters when they are varying with time and/or space.

Eq. ( 2) shows that the corrosion current density is larger when RH increases, T increases and d decreases. It also confirms that moisture is the most influent parameter. For instance:

-it is multiplied by a factor 1.56 if RH varies from 80 % to 90 %; -it is multiplied by a factor 1.48 if T varies from 15°C to 25°C; -it is multiplied by a factor 1.48 if d varies from 3 cm to 2 cm. 3 gives some examples of such correcting factors for various sets. The last line on Eq. ( 4) giving k value can also be helpful in interpretating the level of significance of any spatial variation which can be noted on site, when T and RH can be assumed as constant (during the series of measurements). Variations in measured values of i corr can be due either:

-to a different degree of intensity of corrosion, which is the purpose of NDT measurement, -to the variation of an influent parameter, like the cover depth, -to the variation of any other influent parameters (for instance local microstructure of concrete) or to any noise in the measurement process.

It is easy to quantify the variability on i corr resulting from any variability on the cover depth. The cover depth variability has been assessed on the Barra Bridge at three scales: that of a given rebar, that of a 1 m 2 area (Area 13MD for instance), that of the whole series of measurements on a given Pier (Pier 13 for instance), all rebars being combined in the same population. Table 4 summarizes the measurement results. Figure 8 shows what variation in the corrosion current density can be expected as a result of the measured variability on cover depth (independently from any variability in the environmental conditions and noise measurement), and taking d = 3 cm as a central reference value. It appears that the measured variability (CoV = 36 % at the scale of the pier) can logically be expected as a consequence of the simple variability of cover depth at the same scale. 

Interpretation of measurements and structural assessment

All variations observed during the corrosion current density measurements (between two series in May and July, and within each series) can be explained as being a consequence of the spatial and/or temporal variations of measurable influent parameters. Waiting for alternative explanations, it seems therefore reasonable to consider that the corrosion degree has not significantly increased between the two series and is homogeneous at the spatial scales investigated.

Generalizing the approach

The correction factor expression Eq. ( 4) has been fitted from the laboratory experiments and it remains an empirical factor. One has all reasons to think that it would have been slightly different with another concrete mix. However, the expression can be assumed to be, more generally:

k = e a (RH -RHref) e -b( 1/T -1/Tref) e -c (d -dref) (5)

a, b and c being positive constants which would have to be fitted in any particular case (given structure, given concrete, given history...). The strategy to fit their value is however simple. It would suffice, on the studied structure, to monitor the current of corrosion under varying ambient conditions (24 hours would suffice to have varying T, and perhaps few weeks to cover a wide range of variations for RH). Thus a and b can be derived from the regression between i corr , RH and 1/T.

Conclusion

The combination of on site investigation and the analysis of an experimental laboratory program has shown how to assess the time variability of corrosion rate and how to improve the diagnostics.

A model has been derived from the laboratory experiments. It shows how the corrosion current density is highly sensitive to the environmental conditions, mainly the relative air humidity. It enables to calculate a correcting factor which can be used to derive the values of the corrosion current density which would have been measured, notwithstanding with any uncontrolled variation of the environmental conditions (HR and T).

The same model also describes the influence of the variability of the cover depth, which can easily be assessed on site. Since usual variations in the cover depth range in the (-30 %, + 30 %) around nominal values, it is relevant to calculate the consequences of these variations. Thus, the combination of the two measurements (current of corrosion and cover depth) at the same point enables an easy correction, and provides a more relevant information on the degree of corrosion.

In both cases, the assessment of the degree of corrosion will be improved.

The model developed in this paper cannot be seen as universal and further studies must be undertaken such as to build robust models, which can be used for correcting efficiently the series of rough measurements obtained on corroded structures. It will also help the users in understanding the reasons for variations and, prevent them for deducing that observed variations are always a consequence of a real varying activity of corrosion.

Figure 4 .

 4 Figure 4. Location of investigated areas on piers 13 and 15.

Figure 6 .

 6 Figure 6. Measurements of i corr on two specimens of the same mix.

  A e -0,0444 RH e 3346/T e 0,3928 d e -2,506 w/c

  Principle of a correction factorLet us set aside the influence of the concrete mix (described in the model through the w/c parameter), and let us focus on the influence of the variation of the (RH and T) environmental parameters and of the cover depth on the i corr measured value for a given concrete.One can define an arbitrary reference set S ref = {RH ref , T ref , d ref } and consider the real set S = {RH, T, d} at the place and time of the measurement. Since i corr is measured with S, the question is to correct it (using a multiplying factor), such as to obtain an i corr ref reference value which would have been measured under the conditions of the reference set. The obtained reference value would then be independent of any time variation in the environmental conditions (temperature, humidity) as well as of any spatial variation in the cover depth of rebars. Writing Eq. (2) a first time for the real set S and a second time for the reference set S ref , thus eliminating A, it comes: Effects of temporal and spatial variability Considering the following arbitrary reference set: {RH ref = 80 %, T ref , = 293 K, d ref = 3cm}, one can calculate the correcting factor for any set at the time and place of measurement. The Table

Figure 8 .

 8 Figure 8. Variation in i corr around a reference value resulting from a variation in cover around 3 cm

  

Table 1

 1 Average values for i corr (µA/cm²) measurements at two different times

		May	July	difference
	13 JE	0.31	0.62	+ 98 %
	13 MD	0.31	0.53	+ 75 %
	13 -lintel	0.22	0.48	+123 %
	all	0.29	0.54	+ 86 %

The average value of i corr has been multiplied by about 2 between May and July (multiplying factor = 1.86 calculated on 11 measurements on Pier 13).

Table 2

 2 Average values of cover depth for the two piers.

	Pier 13	horizontal 29.1 mm vertical 37.7 mm
	Pier 15	horizontal 37.3 mm vertical 44.8 mm

  Table 3 gives the factor (k = 0.529) by which one would have to multiply the July measurements (see §2.3) to compare them with the may measurements. It is totally compatible with what has been observed on site (1/1.86 = 0.54), but the lack of any accurate recording of atmospheric conditions prevents us to conclude further on this point.

Table 3 .

 3 Correcting factor on i corr for several sets (reference set = {RH ref = 80 %, T ref , = 20° C, d ref = 3cm})

	RH (%)	T (°C)	d (cm)	k
	65	20	3	1.946
	95	20	3	0.514
	80	5	3	1.851
	80	35	3	0.574
	80	20	2	0.675
	90	25	3	0.529

Table 4 .

 4 Measured variabilities of cover and of corrosion current density at three scales (CoV indicates Coefficient of Variation)

	scale	CoV(d)	CoV(i corr )
	One rebar	3 % (min.) to 10 % (max.)	Not enough measurements
	Area MD13	27 %	15 % (on 5 measurements in may) to
			22 % (on 4 measurements in july)
	Pier 13	30 %	36 % (11 measurements)

Acknowledgements

This work has been developed in the frame of the european Interreg IIIb-Atlantic space program, Medachs project (Project 197).